In the paper methods for conducting Road Safety Inspections (SIs) in Italy and Poland are described and compared. The goal of the study is to improve the quality and effi ciency of the safety inspections of road network by using low cost equipment (GPS, Tablet, Camera) and specifi c software. Particular attention was paid to the need for proper calibration of factors, causing traffi c safety hazard associated with road infrastructure. The model developed according to the Italian procedures was adapted to comply with the checklists and evaluation criteria of the Polish guidelines. Overall, a good agreement between the two approaches was identifi ed, however some modifi cation was required to include new safety issues, characteristic for the Polish network for safety inspection of two lane rural roads. To test the applicability about 100 km of regional two lane roads in Poland were inspected with Polish and Italian procedures.
INTRODUCTION
The period of intensive realization of road investments causes the evaluation of the operation of the existing road network and even the new investments to seemingly become less important. However, in the old EC member states like Italy, operation and maintenance of the existing network and continuous improvement of traffi c safety are very important. The European Directive 2008/96/CE [1] requires the member states to establish and implement procedures oriented on improvement of the existing network, namely: road safety impact assessments (i.e. evaluation of the projects of new invest-ments regarding effi ciency of road safety improvements), road safety audits (evaluation of road designs regarding traffi c safety), the management of road network safety, and Road Safety Inspections (SIs; the management and security of existing roads in order to identify the road safety related features and prevent accidents).
Poland has already implemented road safety audit and road safety impact assessments and is preparing implementation of the in the SIs. Road Safety Inspections are an effective tool for the management and maintenance of safety on existing roads in order to identify those elements with high risk of accident for the user.
The aim of the study presented in the paper is to implement the Italian experience in conducting the SIs in Poland, and also to improve the effi ciency of the periodic inspections by using low cost equipment.
In the aforementioned Directive, great emphasis is given to road SIs as an effective tool for the safety management of existing roads stating: "Once road sections with a high accident concentration have been treated and remedial measures have been taken, safety inspections as a preventive measure should assume a more important role. Regular inspections are an essential tool for preventing possible dangers for all road users, including vulnerable users". Within the Article 6 of the "Safety Inspections" it is also recognized that member states shall carry out safety inspections on existing roads in order to identify the features related to road safety and to prevent collisions and accidents.
The inspections should be performed periodically and by a competent entity. Member states are also encouraged to apply this directive on other national roads, which are not part of the Trans -European Road Network (TEN). Two-lane rural roads -investigated in this study -are the main part of the national and regional road network in Poland, used by through and local traffi c. The use of SIs is one of the measures to improve traffi c safety in Europe associated with the assessment of the accident risk on the existing elements of road infrastructure. SIs can be a source of information needed to prioritize treatments in road sections which produce the highest accident reduction and/or the highest safety' benefi t-cost ratio. Unfortunately, guidelines for carrying out road safety inspections (Budzyński et al. [2] ), implemented in Poland by GDDKiA in 2014, do not allow quantifi cation of the accident risk basing on the conducted SIs. Such a possibility is introduced in a method developed in Italy and described in "Identifi cation of Hazard Locations and Ranking of Measures to Improve Safety on Local Rural Roads" (IASP) (Cafi so et al. [3] ), in conjunction with Risk Index (RI) (Cafi so et al. [4] ) used to predict frequency and severity of accidents when using SIs. Therefore, the applicability of the IASP method, allowing quantifi cation of the accident risk in Polish conditions, is described in the paper. One of the SIs elements is the assessment of the risk associated with road infrastructure. Because of different scales in the risk assessment in both methods (categories 3 and 4 are distinguished for the Italian and Polish methods, respectively) the calibration of scores in the Polish method to IASP, should be performed.
In Europe road accidents are one of the main causes of death, with more than 120 000 deaths per year (European Commission [5] ). This phenomenon is common in Europe, especially in the most of the Western countries (over a million deaths per year are recorded on roads all over the world).
Due to the technological progress which followed the introduction of crash tests, and to the slow but gradual introduction of safety devices, such as seat belts, the number of traffi c fatalities has stopped growing in the EC countries around the beginning of the seventies, despite the fact that the number of cars in circulation and of accidents continues to rise.
It is interesting to compare Italian and Polish crash data. Figure 1 shows similar trends in time, but a higher number of accidents in Italy against a similar number of fatalities in both countries in the period from 2000 to 2012. These fi gures indicate lower frequency of accidents but their higher severity in Poland. In the lack of vehicle per km travel data, a comparison using as exposure factors km of roads, number of vehicles and inhabitants can be carried out. Table 1 shows such data for both countries and Figure 2 shows the resulting crash ratios. Figure 2 presents values of fatalities per km, clearly indicating that these are higher in Italy than in Poland. Mortality crash ratios i.e. number of fatalities per 1000 vehicles or 1 mln inhabitants are higher in Poland. This may suggest that in Italy there is a higher frequency of accidents which are not so serious, while in Poland there are fewer accidents, but these accidents are more severe than those recorded in Italy. Even though there are differences regarding accident history between Italy and Poland, a similarity from geometrical and structural characteristics of the roads has emerged in both countries. According to DM 05/11/2001 [6] the two Italian two-lane rural roads F1 and F2 are similar to the regional roads in Poland, in particular to roads: G class (major roads) and Z class (collector distributor roads taking into account minimum geometrical characteristics. Although general speed limits are the same in both countries, the operating speed in Poland is higher than Italy.
A peculiar feature of regional roads in Poland, is the existence of built-up areas that are extended along these roads. Because the procedure to be applied was calibrated in Italy only for rural roads, road segments selected for testing the procedure have been situated exclusively in rural environment, with sections that had a minimum length of 410 m and a maximum length of 5 km of a continuous analysis.
In order to describe a few separate problems this paper is divided into 3 main sections presenting:
• IASP procedure for SIs, • hardware and software tools for SIs conducted in fi eld, • implementation of IASP procedure within Polish guidelines for the SIs.
BACKGROUND OF SIS
A SIs is a formal examination of an existing road, in which an independent, qualifi ed team reports accident risk potential and safety performance. Safety inspections are rec-ognized as an effective tool for identifying potential risks and are becoming an accepted practice in many agencies around the world. SIs are considered a part of the network safety management in The European Directive 2008/96/CE.
Depending on the complexity of the work, an inspection may be done by a single inspector or by a group of inspectors. Members of the group should be "independent", i.e. not part of the team that designed and built the road or maintains the road. They should have a very good, specialised and in-depth knowledge of the region, as well as an understanding of potential countermeasures and what is required for their implementation.
There are four steps in the SIs process: -step 1: preparatory work in the offi ce, -step 2: on site fi eld study, -step 3: SIs report, -step 4: introduction of remedial measures and follow up.
For a reliable inspection, observations should be made both from the car and on foot where needed. The road should be driven a number of times if possible and photographs of specifi c issues taken. During the inspection checklists, including lists of potential problems can be used and completed. Different checklists are required and the process can involve small sections of the road with repeated checklists, or several runs along the whole road using a single checklist. The chosen length depends on the complexity of the road. The checklists are quite detailed and consequently there should be a systematic collection of the defi ciencies that were found.
The SIs report should consist of: -an introduction (include details of the road or section of road being inspected and the composition of the inspection team, date, times and conditions at the time of the inspection), -part A with data obtained during the preparatory work in the offi ce and a description of the activities undertaken, -part B describes the shortcomings or defi ciencies which were found and an assessment of these defi ciencies. -part C should contain proposals for countermeasures, from short to long term.
Due to subjective nature of the process, inconsistencies may arise and limit inspections' effectiveness, but the research presented in the paper shows that well-defi ned operative procedures and methodologies for identifying the safety problems can improve both the effectiveness and the reliability of the safety inspections.
IASP PROCEDURE
The procedure is based in the IASP project (Cafi so et al. [3] ), funded by European Commission (DG TREN) and Province of Catania (Italy) with the scientifi c coordination and operative support of the University of Catania. As part of the project, SIs procedures, which address rural two-lane highways, have been defi ned. Although many SIs proce-dures already exist, the IASP procedures present some innovative elements and, above all, they are very operational in nature.
The IASP SIs can inspect about 30 km of road daily. At least three operators are needed: the driver, the inspector in the front seat and the inspector in the back seat. Recommended equipment includes GPS receiver, a digital video camera and checklists. The road is ran in both directions at a very low speed (about 30 km/h).
Checklists are aimed at ensuring that important safety problems are not overlooked. Checklists are prompt and cannot substitute knowledge and experience of an inspector, i.e. checklists are auxiliary measures for safety engineering experience and judgment. IASP checklists are very concise (Cafi so et al. [7] ), since they relate only to the main safety features which are usually present along two lane rural roads. Moreover, only features which are easily detectable during inspections have been included. Features which concern horizontal and vertical alignment (geometric alignment, design consistency, etc.) are not considered, since in the IASP safety analysis of alignment is performed as a separate quantitative procedure (road safety audit).
Checklists must be fi lled in both directions. Front seat and back seat inspectors, which have different views of the road, complete different checklists by fi lling the boxes with a step of 200 m (24 s at 30 km/h). In order to simplify the inspectors' task, any checklist is split in two parts: part A has to be completed on site, part B can be completed both on site and during the video examination performed in the offi ce. Safety issues are ranked as: -high level problem (rank 2), -low level problem (rank 1), -no problem (rank 0).
Ranking of safety issues can be used both as an aid for the prioritization of the safety measures and as an aid to road agencies in measuring the effectiveness over time of their safety improvement programs. After the preliminary inspection, the team analyses videos in the offi ce and (if was not done on site) complete part B of the checklists. Checklists are completed in both directions referring in particular to the right side. By brainstorming among the team members checklist results are examined and the fi nal version of the checklists is edited.
The IASP manual (Cafi so et al. [3] ) suggests for each problem the recommendation typologies. Recommendations are engineering solutions to the reported problems. They indicate the type of measures, without specifying detailed technical issues.
Problems and recommendations are disaggregated in order to highlight the safety issues of each road feature, but road safety improvement requires an integrated approach where interaction among different measures must be taken into account.
As a fi nal result of the meeting, a preliminary report describing general problems and recommendations is edited. Moreover, some sites requiring specifi c inspection (site visits) might be identifi ed.
HARDWARE AND SOFTWARE TOOLS FOR ON-SITE INSPECTION
In the IASP procedure the inspectors observe and evaluate road conditions, fi lling two different checklists. This task requires relevant expertise and skills of the inspectors. The innovative system developed by the University of Catania (Cafi so et al. [8] ) and presented in this paper, frees the operator from the concern to link the position in the road segment to the checklist to be fi lled. The inspectors fi ll the checklists touching the screen of the tablet connected via Bluetooth to the GPS. In this way data is collected easily, stored and linked to the road segment where it was registered and synchronized with the video records.
The system has the objective to simplify the operator's work but opens up a whole set of issues which should be solved by the software without user's concern: -allows easy data insertion/registration; -links inspection data with unique road section travelling the route in both directions; -stores all information to allow the post-inspection review.
In order to get an easy and low-cost solution, it was decided to create an Android application. By means of an easy-to-use interface the application allows the user to insert inspection data for each section of the road using his/her own tablet.
To improve accuracy in vehicle positioning, an external GPS receiver can be connected with the Android application running on the tablet. Finally, to associate also images of the road space, frames recorded by a video-camera installed on the vehicle can be geo-referenced and linked to the inspection data through a system of synchronization based on the GPS UTC time used as a metronome for all devices. The architecture and organization of the system is shown in Figure 3 . If the GPS module is the "heart" of the system, the Data Acquisition Module is the "brain". This module uses data from GPS to support the inspector task via the Graphic User Interface (GUI) (Figure 4) . The most important part of the in-fi eld inspection is assessment of the safety issues and completing the checklist (Figure 4 ) for each road section of a fi xed length, which compose the road segment under investigation. Fig . 4 . GUI of the application For each inspection two checklist forms are available: one for the operator in the front seat and one for the operator in the rear one. The checklist form may be modifi ed before the inspection because it is saved in the form of XML fi le which can be edited at any time.
If the inspection is carried out for a two-lane road, after the forward path inspection, the operator must begin a return path inspection in the opposite direction and the system helps to fi nd the starting point of the return path. Once the acquisition procedure is concluded in both directions, the application merges the data obtained in the forward path to data obtained in the return path.
At the end of the infi eld inspection, the Data Acquisition Module exports all data in the form of text fi les that can be read and processed by the Data Analysis Module.
The Data Analysis Module concludes in the offi ce, where the last part of the inspection takes place. Once in fi eld data acquisition phase is completed, in the offi ce the Data Analysis Module allows the inspection team to review the checklists and, supported by the video, to fi ll missing information or to correct errors before drawing the inspection report.
In this step, the Module puts together data recorded by the front seat operator and the rear seat operator. The user can investigate every single step of the inspection by moving from sheet to sheet and from time to time with the opportunity of reviewing the corresponding video sequence and, if necessary, modify the values of each checklist ( Figure 5 ). One of the most relevant application of the IASP procedure is the development of a risk index. The Risk Index (RI) is a surrogate safety measure, which is defi ned to supplement crash investigation studies in the safety evaluation of two-lane rural highways by using data from SIs and design consistency models (Cafi so et al. [4] ). This measure allows to assess relative safety performance of a rural road segment. RI is a quantitative measure which fi lls the gap in the use of SIs, which are qualitative in their nature, in the road network safety management. The conceptual formulation of RI is presented below. The reader can refer to the reported references for more detailed information.
FORMULATION OF RISK INDEX (RI)
The RI is formulated by combining the risk components related to: the exposure of road users to road accident risks EF; the probability of a vehicle being involved in a collision, AFF; the resulting consequences, in case of a crash occurance, ASF. The exposure factor measures the exposure of road users to road risks and is assessed as follows:
where: -L is the length of each unit (in kilometers) -AADT is average annual daily traffi c (in 1.000 vehicles per day).
Accident Frequency Factor (AFF)
The accident frequency factor depends on the safety features of the road segment, which are assessed by two analysis methodologies:  Road Safety Inspection  Design consistency evaluations and design standard check, which can be a subject of the road safety audit. The accident frequency factor is expressed by: where: -RSI AF quantifi es the presence of safety issues which can be assessed on the basis of road SIs. SIs relate to the main safety issues that can be effectively detected by means of inspections and which are consistently present along two-lane rural roads (Access points, Cross sections, Delineation, Markings, Signs, Pavement, Roadside, Sight distance, Alignment). -GD AF represents the component related to the design consistency and, more generally, to the horizontal alignment characteristics of the road.
Accident Severity Factor (ASF)
The accident severity factor (ASF) is a measure of severity of crashes based on both roadside hazards, identifi ed by SIs, and speed value as the ratio between the 85th percentile of free fl ow speed (V85) and the posted/design speed (Vbase). 
IMPLEMENTATION OF IASP PROCEDURE IN POLISH GUIDELINES FOR SAFETY

INSPECTIONS
As defi ned in the Polish guidelines (Budzyński et al. [2] ), the SIs are carried out using three types of controls: General inspection, Detail inspection and Special inspection during the night and road works. General inspections apply to the national road network, and these are both regular and periodic, performed during the day and inspect the elements located along the road (roadway and roadside) and assessing their impact on road safety in order to allow an effi cient and effective action of maintenance and planning of investment work consistent with the existing system of road maintenance in Poland. Detailed inspections are done during the day and consist of a specifi c control of sections or points with a concentration of accidents (fatalities and serious injuries), which are identifi ed during the risk classifi cation, or as a result of the general inspections. Special inspections at night and during road works are the analysis of the perception of road in the absence of natural light to verify that the road works are carried out properly and protected from the point of view of road safety, including the organization of the traffi c in the work area and protection for all road users. Polish guidelines give specifi c checklists for carrying out these controls, in which issues found along the road are grouped in characteristics of the road, elements of surrounding roads, marking, road safety and characteristics of traffi c. These checklists are available for all Polish roads, without necessity to create specifi c checklist for the same class. Each issue found during the inspection should be initially classifi ed as either way a defect to be removed immediately or as a defect which may be fi xed in a long term. The defects should be evaluated and qualifi ed for the four risk categories: -Class A -small, -Class B -medium, -Class C -large, -Class D -very large.
Class D defects should be corrected as soon as possible. Pending the correction or repairs, these may need temporary protection. Defects in these classes can cause serious consequences such as road accidents, hence the need for a rapid intervention. Defects of Class B and C should be removed as part of maintenance and modernization in function of priority depending on the degree of irregularity, traffi c volume and characteristics of the place. Defects of Class A are malfunctions which should be removed as a part of the maintenance. Polish checklists are formed by a high number of issues, that do not allow easy completion during the continuous analysis. SIs are usually carried out manually without support of electronic devices.
This study focus only on the checklists for General inspection than can be fi lled by two inspectors driving on the road in a vehicle equipped with basic and low cost tools (GPS, video camera and tablets). Two separated checklists are completed: one for the front seat inspector and one for the rear seat inspector, with respectively 33 and 27 points.
For the above reason the goal of the comparison between Polish guidelines and IASP procedures, has been to fi nd a common checklist, synthetic and complete, that could be adopted both in Poland and in Italy. Through use of correspondence codes, it has been observed that many fi elds in the Polish checklist could be joined in existent Italian fi elds, while issues that had no correspondence, have been added to the common checklist. The fi elds relating to problems at intersections are grouped in separate checklists, while issues that are not present in two lane rural roads, have been excluded.
It is possible to see a great deal of similarity with the Italian issues, which has allowed us to create a new checklist basing on the Italian one, which offers more detail but can be completed during a continuous analysis, in a reasonable amount of time for sections of 200 m of length at a speed of 30 km/h. The new checklists, reduced in comparison to the original Polish checklist, for front seat inspector (Table 2 ) and for back seat inspector (Table 3) are shown below.
To comply with the Polish guideline, the original Italian checklist was supplemented with the following new fi elds: Relating to Vegetation, Road Drainage, Bike Paths, Dirtiness, and Geometrical Design Consistency of Horizontal and Vertical Alignment. Design consistency fi elds can replace the calculation of the Design Consistency and could allow an assessment of the horizontal alignment during SIs when geometric data of horizontal alignment is not available. These factors were considered to have a significant impact on traffi c safety on rural road sections. One of the aims of the paper was to compare methods and their unifi cation in terms of ranking of traffi c safety problems. For this purpose, on the regional roads in Malopolska SIs were carried out basing on both the IASP method and Polish method, using the recommended low cost equipment. These inspections were conducted on 7 sections of the regional roads in Malopolska with a length of 184.48 km (out of a total number of 39 roads with total length of 1,372.5 km), of which 98.052 km were rural sections and therefore were included in the study. Other sections, passing through built-up areas, with a length of 86,428m were not included in the study. This affected how the inspection was conducted and also the analysis of results. SIs have been paused and re-started when the built-up area ended. Such approach leads to a fragmented safety analysis and it was not continuous along the examined road.
In order to obtain a signifi cant sample of data have been subjected to SIs about 100 km of road. The choice has been based on value assumed by Accident Rate parameter in order to identify those sections including high risk sites of the network.
Accident Rate was calculated for a homogeneous section in function of the traffi c volume. The principal data required in order to draw up a classifi cation of the section, is represented by the length of a homogeneous road section, accident data from previous years (including number of fatalities and injured) and average traffi c volumes.
In general, for the individuation of homogeneous road sections several elements have been taken into account, such as: It is clear that the inspection has been extended to all roads which have high risk sections, because SIs are by defi nition carried out continuously along the road.
A list of selected roads which presented a high number of critical sections located in a fl at environment, is shown in the Table 4 . In the checklist fi elds it is possible to give a score for each issues:0, 1, 2 representing the severity of the problem found along the road (0: no problem, 1: medium level, 2: high level problem), as explained in the IASP manual (Cafi so et al. [3] ). In the Polish guideline when a defect is identifi ed, the severity has to be classifi ed into four categories (A, B, C, D). The IASP score and the Polish risk category can be compared in terms of equivalent safety risk. For this purpose, the Risk Index can be used to evaluate the range of the IASP score for each safety issue included in the check list.
Calculations of RI were conducted basing on the method previously introduced and presented in detail elsewhere (Cafi so et al. [4] ). The following base values were assumed in the further calculations:
 length of section 200 m;  AADT =10,000 vehicles/day;  V base = 90 km/h, general speed limit,  V 85% = 100 km/h, from measurements carried out on Polish regional roads;  one inspection unit.
For the proportion of accident typs we have used the data provided by the Voivodeship Road Administration, collected over seven years between 2007 and 2013 (for the Małopolska Region) ( Table 5 ). In proportion of accident types, those relating to hitting pedestrian have been excluded, because confl icts between drivers and pedestrian are not considered in the present form of the checklist for two lane rural roads. For each safety issue j the ratio of RI j and RI max has been calculated, as following:
where:  RI j is Risk Index value for issue j for different severity scores (0, 1, 2);  RI max is maximum value of Risk Index for all of the safety categories.
Ranges of variation of the RI have been identifi ed as a function of the values of this ratio, which allow to defi ne the correlation between the IASP scores and the Polish evaluations (Table 6) . Table 6 Score Correlation
Polish evaluations
Based on the ratio from Table 6 it has been possible to identify the risk category for each type of problem, as shown in the following Table 7 and Table 8 .
Based on SIs on regional roads in Poland and taking into account comparison of IASP severity score and Polish risk categories, a percentage shares of sections with their respective issue classes, have been identifi ed ( Figure 6 ). In can be concluded from Fig. 6 that the highest risks on the Małopolska regional roads is caused by:
 excessive number of access points -such a problem is observed at ca. 84.4% of rural roads (risk categories C and D),  high embankments with insuffi cient protection, which are a problem at 35.4% of regional roads  sections with unprotected bridge objects adjacent to the road -category D risk, which requires immediate action -are observed at 1.1% of the inspected roads  the most common problem, observed at 95.3% of the roads, is insuffi cient shoulder width. Category B of this problem indicates there is no need for immediate action to remove this threat. 
CONCLUSIONS
Basing on the conducted analyses and comparisons of the road safety inspection performed on regional roads in Poland, it can be concluded that:   The results are promising for the introduction of adopted Italian procedure and tools for the road safety management on two lane rural roads in Poland. The procedure can improve effectiveness of the SIs process and its usability. It is possible to apply the IASP method and equipment to carry out SIs in Poland, which would comply with the Polish guidelines.
 
To ensure effi ciency of the SIs, it is necessary to limit the number of issues in Polish checklist, which should be described during the inspection. And for this purpose checklist developed on the basis of the two methods could be considered.   As the next step in the research, the model of Risk Index developed for the Italian roads will be applied to the Polish roads using data of the inspected sections. Also the correlation of the RI with the actual crash frequency will be tested. When completed, this procedure will make it possible to identify and prioritize the intervention strategies that produce the greatest safety benefi ts while being compatible with the available annual budget.
It is necessary to develop a procedure of risk assessment for rural roads passing through built-up areas, due to their large share in the road network and high impact on road safety (Gaca and Kieć [9] ).   Some of the threats caused by the road infrastructure are only characteristic for the given region; this should be taken into account when training new inspectors and creating new check lists.
